ABSTRACT Finding a cleaner, environmentally friendly and cost-effective way of metal and mineral extraction has a great importance in today's world. Using microorganisms in bioleaching and bio-oxidation process is of great value. From Archaea to bacteria and fungi, microorganisms can play an important role in extraction of metals from mine drainage and unaccessible sources, both in aquatic and terrestrial environments. Optimization of environmental factors such as the temperature, pH and substrate concentration is crucially important to access the optimum extraction of selected metals from an ore or mine drainage. The present paper will review the bio-leaching and bio-oxidation process of minerals with emphasis on the most wellknown species of bacterial communities of such ability, through the literature.
INTRODUCTION
Excavation of mines for different minerals extraction is one of the most destructive anthropogenic activities for terrestrial and aquatic ecosystems. Such activities affect the topography, turbidity, concentration of dissolved particles and minerals, pH, etc. and could affect the life of inhabited organisms directly or indirectly (Ashton et al., 2001) .
Microorganisms are one of the most abundant living organisms of all ecosystems from terrestrial to aquatic habitats. Different classes of such organisms have biological, chemical, and physical effects on their surrounding environments. Using microorganisms for extraction of wide range of minerals and biological products is an effective and environmentally friendly way to use the new sources of minerals and metals which cannot be extracted using common and ordinary methods (Edwards et al., 2013) .
Using the microorganisms, especially the bacteria and fungi, is a clean way of extracting minerals and metals from the wastewater of industries as well. Thereby the process called bio-leaching, which means the dissolution of metals from their mineral source using microorganisms, or using microorganisms to transform elements of certain ore to a kind of soluble form which could easily accessible by washing the ore by aqueous solutions. These processes also could be named as bio-oxidation (Rajkumar et al., 2010).
Many sulphide ores known as refractory ores e.g. pyrite (FeS 2 ), arsenopyrite (FeAsS) and pyrrhotite (FeS) include gold as fine dispersed particles and encapsulated in the sulphide matrix ( Fig. 1) , so that the gold cannot be recovered by conventional leaching. Roasting as a traditional method for oxidizing sulphides is not acceptable due to economic (high consumption of heat energy and need expensive equipment) and environmental (release of SO 2 gas) considerations. In recent years, the development of microbiological leaching has been led to the effective recovery of precious metals from sulphide ores. Using iron and ulphursulphur oxidizing bacteria can accelerate the oxidation of sulphides and the liberation of gold. The bacteria gain energy by oxidizing Fe 2+ 
Bio-oxidation reaction parameters
The effective parameters of a bioleaching (or bio-oxidation) process have been described as follows: temperature, pH, culture media, bacterial species and concentration of the ore pulp (Elrich and Brierly, 1990; Elrich, 2001 ). The main pollutant product of chemical leaching is SO 2 gas which is consumed by bacteria in bioleaching process and this latter processes is one of the environmental friendly characteristics of bioleaching (Elrich, 2001 ).
On the other hand, in chemical leaching, using high concentrations of strong acids such as Nitric Acid, Hypochlorus Acid and Sulphuric Acid and also providing a tank made up of stainless steel and in some cases using a high temperature autoclave for running the chemical reaction were the expensive and complicated parameters of such leaching process. Compared to that, without any needs to chemical hazards or special tank or extreme temperatures, bioleaching could only be conducted by optimizing the culture media for selected organisms, which makes it the most cost-effective and environmentally friendly way for extraction of metals from sulphide ores (Elrich, 2001 ).
Also, bio-extraction of metals from waste water of industries, using mesofilic and thermofilic ulphursulphur bacteria for extraction of ulphursulphur from waste water has been previously studied (Elrich and Brierly, 1990 ). In such experiments, ulphursulphur bacteria such as Acidiothiobacillus ferroxidans and Acidiothiobacillus thiooxidans were used for bioextraction of sulphide from a waste water to clean up the sewage (Fuseler et al., 1996) .
Microbial diversity for bioleaching habitats
A large variety of microorganisms has been segregated from the mining and environmental bio-leaching situations, from bacteria, to fungi and algae. Diverse species have been segregated from a copper mine from different classes of microorganisms such as bacteria (Acidiothiobacillus sp.), yeasts (Rhodotorula sp., Trichosporon sp.), flagellates (Eutrepia sp.), amoebas and protozoa. One of the most important species in bioleaching habitats is Acidiothiobacillus ferrooxidans which is occasionally exchange with Leptospirillum sp. based on environmental elements (Acosta et al., 2014) .
Also, a variety of thermophilic microorganisms (especially Sulfolobus sp.) have been enriched and isolated from bio-leaching environments. Table 1 shows a selection of abundant microorganisms of bio-leaching habitats. 
Bacillus megaterium citrate

Chromobacterium violaceum cyanide
Crenothrix ssp. ferric iron Gallionella ssp. ferric iron
Leptospirillum ferrooxidans ferric iron
Leptothrix discophora ferric iron, sulphuric acid 
Bacteria
Among the all classes of microorganisms, bacteria are the most observed group of bioleaching communities. The most well-known and first identified bio-leaching bacteria are Acidithiobacillus ferrooxidans, Leptospirillum ferrooxidans, Acidithiobacillus thiooxidans and Thiobacillus thiooxidans (Harneit et al., 2006; Lei et al., 2007 ).
-Acidithiobacillus ferrooxidans Acidithiobacillus ferrooxidans belongs to the group of chemolithotrophic organisms. The organism is rod-shaped (usually single or in pairs), non-spore forming, gram-negative, motile, and single-pole flagellated (Jerez, 2009) .
Acidithiobacillus ferrooxidans is an acidophilic bacterium. It has obligate autotrophic way of gaining energy, using elementary sulphur, ferrous iron and tetrathionate as electron donors during ATP production. Acidithiobacillus ferrooxidans also is a rod-shaped motile bacterium living in acidic or neutral environments (Fig. 2) . Due to its unique characteristics, it is well-known as an economically significant species for bio-leaching process of low-grade sulphide ores. The species is naturally inhabitant of mine drainage and tailings. Also due to high ability of this species in bio-oxidation process, it has been described as a significant species for bioremediation process in contaminated aquatic and terrestrial environments (Sun et al., 2012; Fomchenko et al., 2016) . 
-Leptospirillum ferrooxidans
Leptospirillum ferrooxidans is an obligate aerobic bacterium with high ability of ironoxidization and has an important role in bio-leaching and bio-oxidation of industrial activities (Fig. 3) . The species is acidophilic and has been known as main component of mine drainage (Corkhill et 
-Acidithiobacillus thiooxidans
Acidithiobacillus thiooxidans is a sulphur bacteria belongs to gram negative group and has rod-shaped cells which uses sulphur compounds as energy source (Fig. 5) . Due to mesophilic properties of this spices and being a natural inhabitant of diverse ecosystems, A. thiooxidans has important activities (A. thiooxidans (mesophilic) and A. caldus (thermophilic) oxidize elemental sulphur and sulphur reduced compounds) in bio-oxidation and bio-leaching process (Liu et 
CONCLUSIONS
Due to increasing risk of anthropogenic activities on biological characteristics of aquatic and terrestrial ecosystems, finding novel methods that are cost-effective and environmentally friendly ways of metal extraction has a great importance in today's world.
Natural microorganism communities of mines and drainage systems are the first object of application as a new method of metal extraction through bio-leaching and bio-oxidation pathways.
Diverse variety of such microorganism from Archaea to bacteria and fungi are among the observed species. The most important factors of application of the microorganism in bioleaching process are the pH, temperature and the concentration of metals and leaching agents in the ecosystem.
Setting up the optimum environmental factors for selected species could lead to a successful extraction of valuable amounts of metals and minerals from mine drainage or inaccessible sources.
